The competitive labor market in China is another factor that has propelled employers to focus more on the competencies that college graduates can demonstrate rather than the brand name of their alma mater. A college degree in China 40 years ago almost always led to a decent job, high income, and social prestige; none of these is guaranteed in the current Chinese job market. According to the Chinese College Graduates' Employment Annual Report (MyCOS Institute, 2014) , among the 7 million college graduates in 2013, approximately 600,000 were still having trouble finding a job after 6 months. This climate makes it all the more important for students to demonstrate the knowledge and skills required to succeed in the global workforce in a direct and measureable way.
Evaluation of Higher Education Learning Outcomes in China
As Chinese higher education undergoes rapid expansion, quality control becomes a central concern for policy makers, educators, and researchers. In 2002, with the aim of improving quality and increasing efficiency, the Chinese Ministry of Education initiated an effort, called the Quality Assessment of Undergraduate Education (QAUE), to undertake the evaluation of institutional effectiveness. Under the provisions of this project, institutions will be evaluated every 5 years on a rolling basis (Liu, 2013) . This state-run effort set eight broad categories of criteria for evaluation, with student learning outcomes as one of the target features. However, there is a remarkable lack of transparency in terms of the tools used to measure student learning outcomes and the comparison of such results across institutions. As a result, QAUE remains controversial and has been criticized by scholars as failing to improve quality (Liu, 2013; Zhou, 2010) .
One of the important issues that has limited the success of the QAUE effort is the lack of standardized tools that can be used to evaluate student learning outcomes among Chinese higher education institutions. Unlike in the United States, where many institutions use commercial or in-house assessments to assess students' general competencies, such as critical thinking, written communication, and quantitative literacy, the concept of assessing generic learning outcomes among college students is still novel in China. One of the few standardized assessments that provides direct evidence of students' learning is the Chinese Test of English Band 4 (CET-4), which tests college students' English proficiency in listening comprehension, reading, English-Chinese translation, and essay writing (Zheng & Cheng, 2008) . Since its launch in 1987, CET-4 has been broadly used in China as a requisite for college graduation and is currently valued by many employers when evaluating job candidates' English skills.
Another noteworthy effort in the evaluation of higher education in China is the translation and adaptation of the National Survey of Student Engagement (NSSE). NSSE is the most widely used survey in the United States for evaluating students' engagement and experiences in college. Through its self-report student survey, the NSSE collects information in five categories: (a) participation in educational activities, (b) institutional requirements and the nature of college course work, (c) perceptions of the college environment, (d) perceptions of educational and personal growth since entering college, and (e) students' backgrounds and demographic information (Kuh, 2002) . As of 2014, it had been used by more than 1,500 institutions in the United States. 1 In 2007, researchers from Indiana University (Bloomington) and Tsinghua University in China initiated the translation and adaptation of the NSSE into Chinese (Ross, Luo, & Shen, 2008) . Researchers have provided reliability and validity evidence for the NSSE-China survey (Luo, Ross, & Shen, 2009; Shi, Wen, Yifei, & Jing, 2014) and confirmed the suitability of using such a tool among Chinese college students.
Another instrument used by Chinese universities is the Student Experience in the Research University (SERU) survey, developed by researchers at the University of California, Berkeley (Brint & Cantwell, 2010; Kim & Sax, 2009) , which aims to measure students' engagement and experiences at research universities, such as academic engagement, global skills and awareness, community and civic engagement, and student development. Using a Chinese version of the SERU, Gong and Lv (2012) found that compared to students at Berkeley, Chinese students at Nanjing University obtained lower scores on three dimensions of the SERU: (a) classroom discussion and initiative, (b) peer collaboration and interaction, and (c) critical reasoning and creative thinking.
Despite the usefulness of survey tools such as the NSSE-China and SERU, they do not provide direct evidence of student learning. While the aggregate data may provide insight into the overall academic environment that an institution is able to offer, the survey results are not of much value to individual students, as the results do not speak directly to a student's competency in any area.
Objectives
Given that a standardized tool is urgently needed to provide direct evidence of college student learning in China, we report on an effort to translate, adapt, and investigate the psychometric properties of the critical thinking test from the ETS ® Proficiency Profile (EPP). The purpose of this study is to investigate the psychometric properties of the EPP critical thinking test among Chinese college students. Specifically, we address the following research questions:
1. What are the psychometric qualities of the critical thinking test in terms of reliability, item-test correlation, and dimensionality? 2. How does the critical thinking test correlate with related constructs such as the Gaokao (i.e., college admission test in China) and CET-4? 3. Is there any differential item functioning (DIF) with regard to gender, major, and socioeconomic status (SES)? 4. Is there any performance difference on the critical thinking test across subgroups of interest?
This preliminary investigation sheds light on the suitability of using such a test to assess Chinese college students' critical thinking skills. As Chinese institutions are increasingly emphasizing quality and accountability, due to the influence of domestic and international factors, identification of assessment tools that can be used for such evaluation becomes a priority on the research agenda (Huang, 2005) .
Method

Instrument
The original English critical thinking test is one of the four sections included in the EPP, a college-level general skills assessment that measures critical thinking, reading, writing, and mathematics. The critical thinking test measures students' ability to (a) distinguish between rhetoric and argumentation in a piece of nonfiction prose, (b) recognize assumptions, (c) recognize the best hypothesis to account for information presented, (d) infer and interpret a relationship between variables, and (e) draw valid conclusions based on information presented (ETS, 2010) . The 27-item critical thinking test consists of 15 stand-alone items and six testlets (i.e., a set of items based on a common reading passage) with two items within each testlet. Although the EPP critical thinking test targets general skills, meaning that specific disciplinary knowledge is not required to answer the items, the assessment items are embedded in three broad domains: arts and humanities (nine items), social sciences (nine items), and natural sciences (nine items).
In the United States, EPP has been widely used as a tool for accreditation, accountability, and institutional internal improvement (Liu, 2011a) . EPP has also been researched extensively in terms of its internal structure (Lakin, Elliott, & Liu, 2012) , relationship to tests of similar constructs (Klein et al., 2009) , predictive validity in terms of predicting GPA and other college outcomes (Hendel, 1991; Liu & Crotts, 2013; Marr, 1995) , DIF with regard to language status (Lakin et al., 2012) , suitability for measuring value-added learning (Liu, 2011b; Liu, Bridgeman, & Adler, 2012) , and the effect of students' test-taking motivation on EPP scores Liu, Rios, & Borden, 2015; Rios, Liu, & Bridgeman, 2014) .
Translation Procedure
The critical thinking test of the EPP was translated into Chinese through the following steps: (a) Two groups of translators in China translated the test separately; (b) the two groups of translators then met and discussed the discrepancies in the translation until an agreement was reached; (c) a panel of assessment experts who were bilingual in English and Chinese reviewed and refined the translation; (d) a user acceptance study was conducted with a small group of college students in China to see if any of the translated items could be improved in terms of clarity and also to determine the proper amount of testing time for Chinese students; (e) a final version of the test was created based on all the previously described steps.
Sample
A total of 1,009 college students from a local institution in China voluntarily participated in this pilot study in fall 2014. This institution is a nonelite (Tier 2) university. The participants were a stratified sample (i.e., a random sample separately drawn from freshmen, sophomores, juniors, and seniors). The demographic information of the sample is shown in Table 1 . In addition to the demographic information, participants also reported their CET-4 test scores, Gaokao scores, and where they took the Gaokao, as the content of the test varies across provinces in China.
Analysis
Analyses were conducted to address the four research questions. Cronbach's alpha and the standard error of measurement (SEM) of the raw total score (i.e., number correct score) were used to evaluate the test's reliability. Item difficulty and item-total biserial correlation were then calculated to evaluate the performance of each item. In terms of dimensionality, we evaluated the model fit of a unidimensional model based on confirmatory factor analysis in Mplus 7.3 (Muthén & Muthén, 2012) . The model fit was indicated by the goodness-of-fit indices, including 2 , the comparative fit index (CFI), the Tucker-Lewis index (TLI), and the root mean square error of approximation (RMSEA). A good model fit was suggested by a nonsignificant 2 at the .05 level, CFI and TLI values greater than .90, and an RMSEA value less than .05 (Cheung & Rensvold, 2002) . In addition, we obtained the Pearson correlation between the critical thinking scores with CET-4 scores and Gaokao scores. As previously discussed, CET-4 is a standardized English proficiency test for college students in China. It is administered twice a year, and scores from different test administrations are equated and therefore can be used interchangeably. The internal consistency reliability for the CET-4 was consistently over .90 (Zheng & Cheng, 2008) . Gaokao, an annual achievement test for high school graduates, is a prerequisite for entrance into undergraduate education for almost all higher education institutions in China, and "it is thought to be the most typical and standard test with moderate difficulty, high reliability and validity in China" (Chen, Cheng, Chang, Zheng, & Huang, 2014, p. 218) . Unlike CET-4, Gaokao varies across provinces in China, and the scores are not comparable across years. We only used data from students who took Gaokao in Jiangsu Province in 2014 because the majority of the students (88%) who reported their Gaokao scores were from Jiangsu. The Jiangsu form was developed based on China's national high school curriculum (Ministry of Education Testing Center, 2014). It covered five subject areas: Chinese, English, mathematics, 2 science, and liberal arts. All students took the Gaokao Chinese, English, and Mathematics. Depending on their intended major field (e.g., science or liberal arts), each student takes a fourth test, either Science or Liberal Arts. In this study, Pearson correlations were obtained between the critical thinking score and each subtest score for Gaokao.
Furthermore, we conducted DIF analyses to see if subgroups with matched ability levels performed differently on the critical thinking test. As DIF may be an indicator of potential unfairness, items with DIF need further review to determine if they are unfair toward certain subgroups. In this study, we analyzed DIF between men and women, between natural science majors and other majors, and between high-and low-SES groups as indicated by parents' education level. The Mantel-Haenszel (MH) method (Mantel & Haenszel, 1959) was employed to perform the DIF analyses. We classified all the items as Category A, B, or C, depending on the magnitude of the MH delta difference (MH D-DIF) statistic and its statistical significance (Dorans & Holland, 1992; Holland & Thayer, 1988) . Category A, B, and C indicates negligible, moderate, and large DIF, respectively. Zwick (2012) provided a more detailed description of these categories. To be consistent with the operational practice of the EPP program (ETS, 2010), this study only flagged items of Category C DIF for fairness review.
Last, when examining the performance difference by gender, major, and parents' education, we reported the descriptive statistics, test significance, and effect sizes in Cohen's d (for t-test) or 2 (for ANOVA). Cohen's d expresses the mean differences in standard deviation units (Cohen, 1988) . For 2 , an effect size of .01 is a small effect, .06 is a medium effect, and .14 is a large effect (Cohen, 1988) .
Results
Psychometric Qualities of the ETS Proficiency Profile Critical Thinking (Chinese) Test
Reliability
The Cronbach's alpha for the EPP critical thinking test (Chinese) was .71, and the overall SEM of the raw total score was 2.31, indicating a satisfactory reliability of the test. The reliability of the EPP English version is .78 (ETS, 2010), slightly higher than for the Chinese version. Table 2 presents the item analysis results. All the items, except for Item 5, showed small to moderate correlation with the total score. The negative correlation for Item 5 suggests that this item was not functioning properly on the test. The detailed item analysis results for Item 5 are shown in Table 3 . The percentage of the students who selected C (the correct answer) for the top 20% students is lower than the percentage for all students, which suggests poor discrimination for this item. One possible reason is related to how a particular word was translated into Chinese (for test security purposes, we cannot reveal that word here). The translation was correct, but the translated word assumed a different meaning in the context, which may have affected students' responses. Because Item 5 showed negative correlation with the total score, it was removed from all the following analyses. The new total score based on the remaining 26 items was calculated, and the new item-total correlation is shown in the last column of Table 2 . After removing Item 5, the correlation for some items slightly increased.
Item Analysis
Dimensionality Analysis
The goodness-of-fit indices suggested acceptable model fit for the unidimensional model, 2 (299, N = 1009) = 583.16, p < .001 (CFI = .91; TLI = .90; RMSEA = .03). Therefore it is sufficient only to report a total score from a practical standpoint.
Relationship With Gaokao and the Chinese Test of English Band 4
The correlations between the EPP critical thinking test (Chinese) and Gaokao are shown in Table 4 . As previously discussed, we only used the scores from the Jiangsu form. The scores from the EPP critical thinking test (Chinese) showed moderate correlations with scores from Gaokao English and small correlations with Gaokao Mathematics (liberal arts track). The correlation between scores from the EPP critical thinking test (Chinese) and the Gaokao Mathematics is Klein et al. (2009) . One reason is that the Gaokao Mathematics measures much more in-depth mathematical knowledge and skill than does the CAAP Mathematics. The Gaokao Mathematics measures high school students' ability to solve complex math problems (Ministry of Education Testing Center, 2014), whereas the CAAP Mathematics measures college students' proficiency in mathematical reasoning (ACT, 2008) . It is expected that critical thinking skills show a higher correlation with mathematical reasoning than with the ability to solve complex math problems. In addition, students in this study took Gaokao at the end of their senior year in high school and the EPP critical thinking test (Chinese) in college, whereas students in Klein et al.'s (2009) study took CAAP and EPP simultaneously. Among all the participants in this study, 497 students reported their CET-4 scores (see Table 5 ). Because college students in China usually take CET-4 after they finish their freshman year, only one freshman reported a CET-4 score. The correlation between the EPP critical thinking test (Chinese) and the CET-4 was .09, p < .05, suggesting a small correlation between critical thinking skills and English proficiency level. Note. EPP = ETS Proficiency Profile. *p < .05. **p < .01. ***p < .001. 
Differential Item Functioning
DIF analyses were conducted with regard to gender, major, and SES group (Table 6) . A negative MH D-DIF suggested that the item showed DIF in favor of men, natural sciences majors, or students of high SES (i.e., parents' highest education is associate degree or above). The presence of DIF is a signal that the item may be unfair, but statistical bias does not necessarily imply that the item is unfair (Penfield & Camilli, 2007) . Therefore DIF items need to go through fairness review. If, and only if, fairness review suggests that the presence of DIF is attributed to an unintended item content or property, the item is considered to be unfair (Penfield & Camilli, 2007) . The results show that no items were associated with Category C DIF for gender, major, or SES group.
Performance Difference Across Subgroups
The performance gap between subgroups (i.e., gender, major, and SES) is shown in Table 7 . The effect size in Cohen's d is also presented in the last column of Table 7 . Women significantly outperformed men, t 961 = 5.23, p < .001, and the effect size of the difference was .39, indicating that women scored .39 standard deviations higher than men on average. Students showed differential performance by major on the EPP critical thinking test (Chinese: F 3,959 = 12.45, p < .001, 2 = .037). Specifically, students in arts and humanities majors scored lowest among all. A Gender × Major ANOVA was also conducted to clarify the gender and major differences. The results indicate no interaction effect, F 3,955 = 2.07, p = .10, partial 2 = .006.
There was no achievement gap (mean difference of .02 standard deviations) between high-and low-SES groups. Students from high-SES backgrounds performed similarly to students from low-SES backgrounds, t 817 = .26, p = .79.
Discussion and Conclusion
In this study, we translated the critical thinking test from the EPP into Chinese and pilot tested it with students from one university in China. The EPP critical thinking test (Chinese) showed satisfactory psychometric properties in terms of internal consistency and item-test correlations, except for one item, which was later removed. The dimensionality analysis revealed that the test consists of one general dimension with three subdimensions corresponding to the three contexts of the items (i.e., arts and humanities, social sciences, and natural sciences). The test also showed reasonable correlations with related constructs such as students outperformed male students and that students majoring in the arts and humanities did not perform as well as their peers in other major fields of study. There were no SES group differences. In general, results from this pilot provided some preliminary evidence to support the use of this test among Chinese college students. Our findings reveal differences in critical thinking skills by gender and major field of study among Chinese college students. Given that research on critical thinking is still relatively new in China, not many prior studies are available to triangulate results. Among the few relevant studies that can be identified, Jiang (2012) analyzed Chinese college students' critical thinking skills using the California Critical Thinking Skills Test (CCTST; Facione, 1990 ) and the California Critical Thinking Disposition Inventory (CCTDI; Facione & Facione, 1992) . The participants were from three nonelite universities in Shanghai. Key findings from that study include that (a) more than 50% of students were classified as not proficient or partially proficient on the CCTST; (b) on average, students scored lower than the U.S. CCTDI norms; (c) those who majored in sciences scored significantly higher than those who majored in liberal arts; (d) juniors significantly outperformed freshmen and sophomores; and (e) men and women showed equal performance. Science majors' superior performance in China may be explained by a number of factors. One is that in China, the kind of major that a student can get into depends on his or her scores on the Gaokao. Typically, science-related majors are more selective than liberal arts majors, and therefore students enrolled in science majors may have higher prior achievement than their counterparts in liberal arts majors. Another reason is that in general, college curricula are more rigorous for science majors, possibly providing more opportunities for students to enhance their critical thinking skills.
These findings provide preliminary evidence for the use of a translated and adapted critical thinking test for Chinese college students. As the Chinese government calls for enhanced accountability and encourages institutions to provide direct evidence of student learning, tools such as the critical thinking test studied here could be used to gather such evidence. Given the standardized nature of the translated critical thinking test, it has potential to produce data that will allow institutions to evaluate student learning by subgroups of interest internally as well as compared to other institutions of similar size and setting. The critical thinking Chinese test also has the potential to document value-added learning as students progress from freshman to senior year. In addition, our finding that arts and humanities students are lagging behind in critical thinking skills provides some indication for the need for institutions to further examine the performance of liberal arts students.
A limitation of this pilot study is that the sample was only from one local, less selective university in China. The findings from this study may not apply to students from other less selective universities or from more selective universities. Our next-step, scale-up study will include a sample that is more representative of the college population in China, balancing geographical regions, selectivity of institution, and student demographics.
Going forward, we would like to gather more evidence to further validate the Chinese version of the EPP critical thinking test. We plan to address the translation issue in Item 5 and pilot test the revised version of the EPP critical thinking (Chinese) test with a larger and more representative sample. We also plan to examine the relationship between critical thinking scores and students' performance in related courses that promote reasoning and analytical skills. In addition, because many Chinese universities sponsor undergraduate research programs aimed at promoting undergraduates' critical thinking skills, it would be important to see if program participants show any improvement on the critical thinking test in a pre-and posttest scenario. Another direction of research would be focused on institution-level learning gain. Prior research has shown that the EPP critical thinking test (English) is able to detect learning gains such as students' progress from freshman to senior year (Klein et al., 2009; Liu, 2011b) . Such evidence is needed to determine if the translated version can also be used to measure value added at an institution.
Notes
1 http://nsse.iub.edu/html/about.cfm 2 Note that the mathematics test is different for science-and liberal arts-track students, with items being more difficult for science-track students. 3 The EPP test was formerly named the Measure of Academic Proficiency and Progress (MAPP).
